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PROGRESS_REPORT
ABSTRACT

Further experimental results on the adsorntion of
nolyvinyl acetate and on polyvinyl butyral have been obtained.
The amounts adsorbed asre functions of the molecular weight,
buq_Eggse functions vary greatly with the solvent, running
inversely with the solvent power,

The amounts adsorbed are a rather weak function of
the temperature, again depending on the solvent.

The amounts adsorbed and temperature and solvent
dependency vary with the origin of the polyvinyl acetate. This
may be due to different degrees of branching.

V+th respect to the reactions of the wash primer con-
stituents, the hydroxyl groups of the butyral resin are essen-
tial for the complexing with cr3* and other ions. Or. precipi-
tation in the presence of water all the chromium can be separated
from the resin by strong chelating agents, but only about three-
fourths of the resin can be separated from the chromivm phosphate
by organic solvents, the remainder of the complex bheing most
difficult to break by this method.

Viscosity and electrophoretic experiments indicate

that, while in solution, the chromium ions attached to the
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resin endow the latter with the properties of a polyelectrolyte,
with phosphate as the counter ions.

A detailed discussion of the general function of the
resin in the wash primer,and as an assistant for corrosion

protection,is put forward tentatively on the basis of the avail-

able information.
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INTRODUCTION.

A3 In the past, our work aimed at the elucidation
of the part played by the polymer-resin constituent of the
Vybond Process, and related wash pramer actions. In parti-
cular, we aim at providing an insight into the effect of resin
structure, into the changes occurring in the latter during the
Tormation and application of the wash primer, and into the reac-
tions which permit the resin to perform as observed.

In pursuit of this we sub-divided ocur investigation
into the following phases: (a) characterization of parent
polyvinyl acetates (PVAc) used for the polyvinyl buivral (PVB)
preparaticny (b) characterization of the PVB and comparison
with the parent polymer; (c¢) characterization of the PVB
recovered from the wash primerj; (d) study of the reactions in
which the resin participates; (e) study of the adsorption of
PVac, PVB, and related resins on solid surfaces, before and

after the Vybond or wash primer process.
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In previous phases of work under this contract,
progress was made in divisions (a), (b), (d) ard (e). Further
progress within these lines will be reported below, together
with some work in division (c¢) preceding the preparation of
recovered resin. However, inasmuch as these divisions are
somewhat artificial and serve mainly to illustrate the general
objectives, it has been often found preferable in the presenta-

tion of the experimental material to cut across their lines,

EXPERIMENTAL 4ND RESULTS.

I. Preparation and Characterization of Polyvinyl Acetate.

In a previous report a method has been described
using photoinitiation and bis-azo-isobutyrconitrile as catalyst,
by which high molecular weight samples of polyvinyl acetate had
been prepared for adsorption measurements, This sample was used
to extend the molecular range of ocur adsorption studies beyond
the narrow limits of the commercial samples X¥YSG and X¥HL. 1In
order tc make sure that any differences between the commercial
and laboratory samples were due to mcleculer weight and not to
the method of prepariation, additional lower mclecular weight
samples were prepared by photoinitiation employing high concen-
tration of the same catalyst. Determining molecular weights
by light scattering, polyvinyl acetate sample PVAc-2 was found
to have a weight average molecular weight of 993,000 (catalyst

to monomer ratio of 1:4.65 x 10%) while pclymer samples PVAc-4

wle
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and PVhc«6 showed weight average molecular weights of 527,000
and 337,000 respectively (catalyst to moncier ratios of 1:6.2x10°
and 1:86.3).

These three samples and the two commercial samples
PVAc=-XYSG and PVAc-XYHL span a mclecular weight range of more
than 6-fold. They were further characterized by viscosity
measurements in methyl ethyl ketone at 25°C. The resulits are

given in Table I. (Part of this table has been resported pre-

viously).
TABLE I

Polymer 1,7 M1 — s

Desigpation % _Conversion E4 gm k' M,_x 103 g2)1/2
[o]

PVAc=2 12% 275 .54 993 460 A

PiAc-4 14,5 160 .35 527 186 K

PVAc-6 15,0 108 .69 337 264 A
[o]

PVAc-XYSG High 80.5 =2 264 204 A

PYAC-XYHL " 50,7 - 155 188 &

II. Ldsorption of Polyvinvl Acetates.

The experiments reported in this section fall into
twe groups. The first set of results refers to experiments
which were conducted directly under the auspices of this project.
The polymers referred to are those listed in Table I above. The
analyses for polyvinyl(igetates in solution were carried through

by infra-red adsorption. An adsorption peak of 5.73 microns

characteristic of the carbonyl group in polyvinyl acetates was

=R
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used.

The second set of experiments on the adsorption of
nclyvin,l acetates was conducted by a graduate student at the
Polytechnic Institute of Brooklyn, whose experimental program
was arranged to complement the centract work. This research was
begun before the infra-red analytical techniques were developed,
so that viscosity measurements were used to determine concentra-
tion changes. Ths possibility of fractichation on adsorption
renders the quantitative aspect of these experiments somewhat
oepen to question, but should not invalidate the gencrz’ conclu-
sions.

1. The adsorption of polyvinyl acetate from carbon tetra-
chloride solution on iron powder at 30.4°C. was measured as a
function of concentration. The samplegused are the polymers
characterized in Table I. The isotherms obtained are presented
in Fig. 1. The equilibrium adsorption values corresmonding to
the flat portion of the isotherms are listed in Table iII. The
iron powder was manufactured by the carbonyl process as pre-

viously reported.

Equilivbrium adsorption

Sample My _x_103 mg/gr. Fe powder
PVic=2 993 2.64
PVAc-4 527 2.18
PVac-6 337 1.80
PVac-XYSG 264 1.59
PVhc-XYHL 155 1.47

b
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The intrinsic viscosity of polyvinyl acetate XYSG
in carbon tetrachloride is 33. This is very low 25 compared
with the value of 80.9 in methyl ethyl ketone reported in Table
i (7Y Since intrinsic viscosity increases with increasing solvent
power, it is evident that éarbon tetrachloride is a very poor
solvent. In order to determine how adsorption depended on
sclvent power, methyl ethyl ketone (MEK) ac good solvent had
been tried but discarded, because the carbonyl group interferes
with the infra-red analysis for polyvinyl acetate. After fur-
ther search, we found 1,2-dichloroethane as suitable for our
work. There, the intrinsic viscosity of X¥SG is 110, indicat-
ing a gooud solvent; the analysis by infra-red cculd also be
easily conducted. Calibration data on optical density at
5.73 m /A< versus concentration for X¥YSG is given in Table III

and Fig. 2. The adsorption obeys Beer's law,

Concen. gr. polymer/ Optical Density

100 mm. solution (9,73 _A<€)
0.0119 .068
0.0298 .165
0.0596 .326
0.0755 .405
0.1489 796
0.2100 1.063

Four adsorption isotherms on carbonyl-iron powder

were so far determined in 1,2-dichloroethane as seclvent. The

—
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results are listed in Table IV and the adscrption isotherms are

snown in Figs. 3 and 4.

LABLE IV

Polymer ’ Amount Polymer
Designation Temperature Absorbed mg/gr Fe
PVac=2 30.4°C. .605
PVéc=2 51.0¢°C. .618
PVAc-XYSG 30.4°C, «530
PVac-XYHL 51.0°C, .929

Our results up to this peoint seem to illustrate that:

(a) the amount of adsorption increases with molecular
weight in the good solvent, és well as in the poor solvent;

(b) the amount of adsorption is a less sensitive function
of molecular weight in the good solvent than in the poor solvent.

(c) there is a slight increase in equilibrium adsorption

with increasing temperature.

Some experiments were carried ovt varying the tempera-
ture in CCl, solutions. The results are the same as in 1,2-di-
chloroethane. A slight increase in adsorption occurs with an
increase in temperature. The recults are listed in Table V.

The isotherms are plotted in Fig. 9.

Pclymer Desigration Temperature mg_adsorbed/gr Fe
PVAc-XYSG 30.4°C 1.55
FVAac=-XYSG 48.5°C, 1,62

-6-
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Finally, scme experiments were carried out using
benzene as a solvent, Here, the results differ from those in
1,2-dichloroethane and CCl,. Only a slight change in adsorption
occurs as a function of the moiecular weight of the polyrner.

These results are listed in Table VI.

Polyner EVL_]
Designation Temperature mo.polymer/er e, in benzcn
PVac-2 (993,000) 30.4°C, 0.695 ---
PViac-XY¥YSG (275,000) 30.4°C. 0.680 93,0

Several experiments were carried out using slcoa Acti~
vated 4lumina as adsorbent. These experiments yield interest-
ing resulta, but also show that activated alumina is not a
suitable adsorbent for our purposes. For once, equilibrium
1s reached very slowly. After 7 hours, e.z., of continuous
shaking, equilibrium had not been attained, whereas equilibrium
is obtained within one hour if iron powder is used as adsorbent.

A typical run is reproduced in Table VII.

TABLE VII

PVAc-XYlILy l.,2-dichloroethane - 30.4°C.

Original Conec. Final Conc. Time Shaking. mg./gr.
0.2224 0.0370 30 minutes el
0.2224 0.84% 1 hour 2.76
0.2224 0.599 2 hours 3.26
0.2224 0.0910 4 hours 3.43
0.2224 0.0395 7 hours 3.66
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4 second effect exhibited by adsorption measurements
with samples XYSG and PVhc-2 cn aluminum oxide shows the adsorp-
tion of PVAec-2 to be muéh lower thar that of X¥SG. The data in
Table VIII were taken at 30.4°C. after shaking for 3 hours:s The

initial solution concentrations were approximately 0.2%.,

Polymer Designation mg_adsorbed/gr,ilos03_ Solvent
PVAhe-X¥SG (275,000) 2.37 1,2-dichloroethane
PVhc-2 (990,000) 0.64 1,2-dichloroethane

These observations may be explained by a large internal
surface of alumina which is partially blocked to the polymer by
the irpegular configuration of the indivicdual alumina particles.
In order to reach thesc surfaces the polymer molccular must
slovwliy diffuse through the crevices; this will be easier for
polymers of low than high molecular weights, so that the equil-
ibrium adsorpthon moy become a different functlon of molecular
size,other than the molecular weight effect in free adsorption.

2, The second set of adsorption experiments was conducted
on three polyvinyl acetate samples supplied by the du Pont Co.
These will be referred to as samnles i, B, and C. Using a
relationship between osmotlc moliecular welghts ard viscosity in
acetonc obtained by Houwirfkg,) [vl=1.76 x 207% 0+68. tne
molecular welghts were established as given in Tabple IX,

The adscrbents used in thess experiments were reagent

gradc sea sand whicih was purified by washines with hydrochloric

«8a
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TABLE IX

Sample w1 ¥, % 103
A 54,8 137.4
B 118.6 430,5
¢, 308 1,738.0

acid, and reagent grade iron powder which was washed with
acetone and dried under vacuum. The surface area of these
mzterials was determined by examlnation under a microscope, that
of the sea sand was 139 cm?/gm, and of the iron 159 cm2/gm.

The following are the results which should be compared with those
under (1) above,

a., The adsorption isotherms ot sampies &, B, and C on
silica from a toluene solution at 25°C. is shown in Fig. 6.

The influence of molecular weight upon adsorption is striking.

The adsorption isotherms of samples A and B on 1iron
powder from toluene at 25°C, is plotted in Fig. 7. The same
genefal molecular welght relationship is preserved, though a
slight increase in quantity with respect to the results of
Fig. € can be noted.

b, The adsorption of samples B and C cn silica from methyl
ethyl ketone {MEK) solution is plotted in Fig. 8. Much less is
adsorbed than from toluene solution as can be seen from compari-
son with Fig. 6. The viscosity of the polymers is higher in
MEK than in toluene, i.e., MEK is the better solvent. The

results are listed 1n Table X. Measurements are at 25°C,

-,—Qnu
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Sample Efg;n toluene ™Ml in methyl ethyl ketone
A 39.0
B 80.0 1178.0
c 178.0 274.0

&. The adsorpticn of polymer C on silica from MiK decreased
on increase in temperature. The results are plotted in Fig. 9.
The adsorption of polymer C from toluene on to silica
also decreases with increasing temperature, see Fig. 10,
Assuming that the areas of sea sand and iron powder
as observed by examination under the microscope are the true
surfaces available to the polymer molecule, we find first that
the difference due to the nature of the surface is small in this
case. iie find further that the area per adsorbsd molecule is
elways small, sc¢ that the polymer layer must be several hundred
angsiwroms thick. It has been shown by other workerg3%hat
adsorbed polymer does penetrate a considerable distance into
the solution, buat the values we can calculate from the data here
appear to be on the large side. A correction may have to be
applizd due to the fact that minor crevices in the adsorbent
varticles available to the polymer molecule are not visible
under the microscope. This would cause an underestimation of
the surface area and an overestimation of the amcunt adsorbed

ver unit area.

-10-
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I1I. Adsorption of Polyvinyl Butyral.

A series of experiments on the adsorption of poly-
vinyl butyrals XYHL and XYSG has been started. The adsorbent
used 1s iron powder. Since infra-red adsorption was such a
sensitive analytical tool for the determination of polyvinyl
acetate, the same method was tried here too.

After a number of preliminary experiments, it was
found that an adsorption peak at 9.06 microns corresvwondfing to
the OH~-group was suitable for the analysis of the butyrals in
ethylene dichloride at concentrations of less than .25%4. The
adsorption obeyed Beer's law. The peak was not as sensitive
to concentration as that used for the polyvinyl acetate experi-
ments and the accuracy of the results for the butyrals is
correspondingly lower., The calibration curve is the same for
XYHL and XYSG and is given in Fig. 11,

Experiments were conducted to determine the length
of time the polymer should be shaken with the iron powder to
ensure saturation, The results are shown in Fig. 12. Three
hours was established as a safe shaking time for future experi-

ments.,

The solutions of XYHL and XYSG were shaken at 30°C,

and 50°C, 20 ml. of solution and 15 gm. of iron powder were

used in every experiment. The results are given in Fig. 13.

and are preliminary. An ircrease in adsorption over polyvinyl

acetate under comparable conditions is noted.

-11l-
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IV. Wash Primer Formation.

Further series of experiments were conducted on the
chromium phosphate wash primer itself. This solution was pre-
vared from the mixture of three solutionsyand a final addition
of butyl aicohol,as indicated below. Polyvinyl butyral sample
XYHL was used throughout,

solution Components Parts by weight
A-331/3% aq Cr0j C,.03 465
water —3230__
1.40
B - I0% H3PO4 in 85% HaPO, 1.095
acetone :
Acetone 2.865
10.95
C - 15% PVB in Polyvinyl butyral 10.95
ethanol o
ethanol (95%) 62,20
73.15
n-butanol - 14,50
100,00

SRS e=s=

A is added to B and this mixture is added to C dropwise with
mechanical stirring at 45°C. The charge is maintained at 45°C.,
for 25 minutes under stirring. In all experiments to follow,
the wash primer was aged for at least one day.

1. The chromium phosphate wash primer was precipitated

=]l2~



]
a— e -

Nonr-1129(GC0)

in an excess of water, the precipitate, a green, rubbery rater-
ial, separated and repeatedly washed with wauer. No chromium
was detected in any of the wash liquids. When therotighly
washed, the precipitate becomes resinous. Quantities of this
precipitate (Cr-PVB-WP) were treated in aqueous solutions of :
three chelating agents: a. Oxalic acid; b. Ethylene diamine; |
c. Ammonia triacetliec acld, N(CH,COOH)3. All three reacted with

the precipitate removing part or all of the chromium,

The experimental detaills were as fullows: Cr-PVB-WP :
samples were placed in .6 molar oxalic acid, or in ,6 molar
ethylenediamine. The complexing agent was present in ca. 300~
fold excess, and the reaction allowed to proceed at 85°C., + 2°
for 4 hours,

In oxalic acid the Cr-PVB-WP took on a blue tinge in
25 minutes. In 50 minutes the supernatant soclution was notice-
ably green and the polymer appeared lighéer green, the blue
having disappeared. From here on the grcen was leached off
the polymer until in about 90 minutes the polymer was white.

The remaining white polymer is insoluble in MEK. If the wash
primer is complexed with oxalic acid at room temperature, the
action is much slower, Most of the color is remcved from the
polymer in a few days, but the residual polymer has a light blue-
green color even after standing on contact with oxalic acid solu-

tion for several weeks.

The ethylene diamine solution reacted with the wash

N
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primer precipitate turning it purple in color. A very small
amount of chromium was leached from the polymer.

Only qualitative éexperiments were conducted with
ammonia triacetic acid. This was an effective complexing agent
and removed much of the chromium from the polymer. We were not
able, though, to remove all the chromium from the precipitate
as was possible with oxalic acid,

A series of three §ontrol experiments were run in
parallel with the above. Biank wash primer solution without
resin, with polyvinyl acetate substituted for polyvinyl butyral,
and with acetylated polyvinyl butyral instead of XYHL were pre-
pared, The polyvinyl acetate sample used was the same parent
material employed in the manufacture of XYHL poclyvinyl butyrél.
The acetylated polyvinyl butyral was prepared by refiuxing XYHL
resin for four hours with 25 ml. of a solution of 12% by volume
of acetic anhydride in pyridine for each gram of polyvinyl
butyral. By this progedure most of the free hydroxyl groups
remaining on the polymer may be presumed acetylated.

For the purpose of further discussion the following
additional abbreviations will be used:

PVP-WP -~ the normal chromium phosphate wash primer.

PVAc-WP -~ wash primer with polyvinyl acetate substi-
tuted for polyvinyl butyral,

PVBAc-WP ~- the acetylated butyral wash primer.
Bl -~ the solution blank without resin.,
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The PVB-WP is a clear, viscons, dark green solution.
Bl contained a CrPO4 sediment, as did PVAc-WP and PVBAc-WP.
In the case of the latter two, it was not clear whether or not
resin was bound tc the 'Cr§04 sediment. On precipitating
these controls in an excess of water, Bl yielded a powdery pre-
cipitate of CrPO4, PVAc-WF and PVBAc-WP yielded green resins
similar in appearance to CréPVB-WP, but rather more rubbery
than the latter precipitate.

The CrPO4 precipitate from Bl was easily complexed

with oxalic acid yielding a blue-green solution, and with ethyl
ene diamine yielding a2 violet solution. The PVBAc and PVAc
wash primers precipitates behaved in the same manner with the
complexing agent as those of the PVB-WP, Complexing with
ethylene diamine colors the PVAc and PVABc precipitates purple,
but dissolves little chromium.

2. Solubility experiments on the PVB wash primer precipi-
tates were conducted together with the PVAc-WP and PVBAc-WP and
Bl control precipitates. They were placed in 100 times their
welight of solvent. Solvents usesd were dioxane, MEK, dimethyl
formamide (DMF),and 95% ethanol (EtOH).

In these solvents PVAc and PVBAc wash primer precipl-
tates dissolved immediately leaving a green powdery material
(apparently CrPO4) and clear solutions. When the zlear solu-

tions are precipitated in water they ylielded a white polymer.

The PVBAc chromium precipitate is not compietely soluble in

«15-
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95% EtOH but neither is the PVBAc resin itself. Bl, of course,
does not dissolve, and in ail cases was very similar in appear-
ance to the remainder from the FVBAc and PVAc precipitates

after extraction with solvent.

The precipitate ffom PVP-WP does not completely dis-
solve in any organic solvent. & green swollen polymeric mater-
ial remains while the solut?on is clear and colorless. On
addition of the supernatant. 1iguid to water a white polymer
precipitates. _

Treating the Cr-PbB-WP first with oxalic acid, and
treating it then with organic solvent, changes the resin to a
less soluble form, It is noct clear whether this 1is a specific
effect of oxalic acia, or a result of the Cr-removal. More
experiments are under way.

In order to ascertain how much of the polyvinyl butyral
could be removed from Cr-PVB-WP by ordinary solvents, the follow-
ing experiment was conducted.

10.00 gms. of the complete wash primer was precipi-
tated, the precipitate washed very well, torn up into small
pleces, and shaken with 50 ml, of dioxane for 8 hours, the
dioxane decanted and 50 ml. of more dioxane used for 16 hours
further shaking. The solutions were combined, filtered by
gravity, washed with 20 ml. of dioxane, and freeze dried. The
recovered polymer was white and was saved for comparison with

the original polyvinyl butyral XYHL by viscosity measurements,

16~



Nonr-1129(00)

In this recovery process, 0.90 gms, (not oven dried)
were obtained while the residue weighed .44 gms. after vacuum
drying at 55°C, This total can be accounted for approximately
ass resin, 1.10 (.90 + .20) gms; Cr, .05 gmsj; phosphate (com-

plexed or anicnic) .09 gms.; waters of hydration (figuring 3

per Cr) .05 gms.; total 1.29 gms., or 82% of the resin dissolved.

3. The intrinsic viscosity of the extracted polymer in
methyl ethyl ketone was found to be .38 cm3/gm as compared with
.59 for the original XYHL polymer. The k' constants in the

expansion

for the extracted polymer and for XYHL, however, were very
similar,

pH mcasurements were made on PVB-WP and the Bl blank,
both added to a 10-fold excess of water (polymer orocipitates).
The pR from the PVB wash primer was 2.65 * .05, and that from
the Bl blank was 2,42 * ,05. This could be accounted for by
the redistribution of protons over the P043' -ions which have
been released by the complexing of Cr3* by the resin, but fur-
ther studies will have to be made before the reaction can be
clarified. Viscosity measurements of ethanol dilutions of
PVB-W. prove in any case that the CR~resin complex 1s a strong

polyelcctrolyte, see Fig, 14. Electrophoretic experiments to

determine the charge are under way.

=17
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DISCUSSION.

hgaln an appreciable part of our efforts was directed
towards adsorption studies and it may, therefore, be approprilate
to review the reasons for this emphasis in somewhat geeater
detail than was done in the discussion of the previous report
(pp. 25-27).

It 1s true that for "good adhesion", and mcre so for
a "good coating", more is required than mere adsorption, In
many cases, those of so-called physical adhesion, adsorption
is not even necessary. In true adhesion on smooth surfaces,
adsorption certainly is the primary factor, but the conditions
of wash primer coating are very different, and rather akin to
the formation of a bond where there is considerable penetration,
or solutlon, cf surface and adhesive, and the boundary layer
1s more of the nature of a separate intervening phase than that
of an adsorbed monolaysr. However, notwithstanding thiese argu-
ments, and just vecause of the complicated nature of the Vybond
coating, we belleve it to be most likely that adsorption in its
various forms, including chemlisorption, is of overriding import-
ance.

The surfaces treated in practical applications are
nelther smooth nor clean and, apart from various contaminations.
may be sald to consist mainly of different iron, or generally
metal, oxides of conslderable depth, and include adsorbed oxygen.

‘Yhen treated with an aleoholic acid, some of these oxides will

-18=
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be converted into salts, but.in view of the relatively short
limited in degree and will léad mostly to the formation »f some
oxy-salts, Most of the depqsited salts will be chromium and
zinc phosphates stemming froh-the action of the phosphoric acid
on the pigment and the reduction of chromate to chromic ions by
the alcohol. There will also be some electrolytic redistribu-
tion of lons due to local currents depending on the struxture

of the underlying metal and the state of passivation, and a
similar redistribution of phosphate ions, but by and large the
surface structure of the inorganic constituents along an imagin-
ary cut perpendicular to the surface will be that of a gradual
change from pure metal to oxides, basic salts and chromium or
zinc phosphate.

This surface layer would afford a very good protection
of the surface against further corrosion, were it not for the
Tact that the mentioned surface compounds are not suificiently
insolublas, tight or wechanically strong towards continued expos-
ure to other aqueous salt solutions, 4s a result, even where
these protective surface compounds are not liable to peel off
because of poor cohesicn and porous structure, their composition
world become gradually altered into more soluble forms as a con-
sequence of ion exchange mechanisms in an environment poorer in
trivalent ions than the primary solution was. A progressive
deterioration of corrcsion protection will set in since, in the

absence of agents which will insure highly cxidized states, a
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more solubie surface layer means more ionization and local corro-
sive currerts,

from this picture the part played by a hydroxyl con-
taining resin with complexing properties like PVB clearly emerges,
By forming mixed complexes or compounds in the pattern of basic
salts such a resin will beche tied to ionic compounds at any
level where the solution penetvtrates, from the deepest oxid
layer to the topmost chromium phosphate, The resin molecules
will thus interweave with bésic salts ettached to the metal sub-
strate, with individual salt molecules as well as with flakes,
granules, or microcrystals of salts, and will thus act like a
matrix or a cement that changes crumbly structures into tough
coatings,much in the maraer proteins act in bone and tooth
structures, polycar .ohydrates react with polyvalent lons or
strong bases, or phenolics or polyesters hehave towards incor-
porated fillers and in lamination,
spart from this binding action, the resin will further
219111 an important funciliuvu by reducing ion exchange, The
hydroxy compounds of trivalent lons have a much lower solubllity
product than thei. phosphates, carbonates, lactates, ectc. By
participating in mixed salt-nydroxyl complexes, with or without
chelate formation, the number of free ions will be greatly
reduced with respect to thosc from pure phosphates under come
parable conditions, with a subsequent stabilization of composi-

tion., It should be 2dded that the solubility of the resin in

=20~
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aqueous solution is itself vanishingly small, so that fixation
of resin on a metal oxide surface by adsorption and evapora-
tion from an alcoholic solution and subsequent exposure to water
will lead to a coating as permanent as the resin structure
itself.

From the abuve thesis, two main lines of research may
be designed to elucidate the actual position: One is to study
the resin-salt complexes and their stability, the other tc
investicate the adsorption of the resin to various oxi‘e or salt
surfaces. Both appreoaches are almost equivalent, the one
emphasizing the combination in solution leading to insoluble
compounds, the other stressing the magnitude of the lorces and
the amounts of resin actually tied to existing surfaces., The
latter approach, being the more general and phenomenological
study, promises to yield quicker, more direct results, while the
study of the nature of the complexes will cast light on the

ature of the binding forces and the type of adsorption or
chemisorption involved. Consequsntly, we tlicugnht it advisable
o follow both paths and to further broaden the approach and
case the interpretation of results by including such related
resins as polyvinyl-acetate, polyvinyl alcohol, acctylated
butyral, polyvinyl formal, etc.

In this perspective the significance of our results
will be more readily seen. The dependence of adsorption on

molecular welght is of primary importance, as the general mechani-
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cal strength of the coating will increase with moleccunliar weight.
The desirability of applylng high molecular wcight will there-
fore be only limited by practical consideration of manufacture
and handling-viscosity. S%milarly, the greater adsorption
of high nolecular welght from poorer solvents 1s of more than
theoretical significance. It might be argued that thic enhanced
adsorption is of secondary importance, since the resin is affixed
anyway by solvent evaporatiop and subsequent aqueous precipita-
tion. ‘#hile this is true, the distribution of thec rcsin on
the surface and between phosphate grains, etc., will vary greatly
with strength of primary adsarption. The greater the latter,
the more uniform will the recsin ke distributed and stay so, and
the greater will be the thermodynamic and mechanical stability
of the resin matrix-salt composite. In a similar way, the
temperature of application will matter, and vary from solvent
to solvent, in accordance with the thermodynamics of the solvent-
solute system, as found by us. A more detailed discussion
shall be postponed till we have as complete data for PVB as for
PVAc, although the basic featurcs observed with PVAc are likely
to be true for the whole group of resins under consideration.
In any case, once the PVB data are secured, especially those of
original and of recovered samples, a structural comparison will
becone fruitful.

The physical structure of the adsorbed layer will
further bc illuminated by the degree of obeyance eof the adsorp-

tion isotherm to models of adsorption. In preliminary attempts,
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t.ie data of the first sct of experiments (analysis by infra-red)
appecar to fit better a Freundlich type isotherm, whilec those of
the second set can to a degrée be fitted by a Langmuir isother:.,
Either the different methods pr the different origin of the
samples may be held responsible for thils divergence; 1if the
latter explanation were found to be true we would have good
reasonto attribute the differences to the degrees of branching
of the twe suaiirless those of Set 1 are more linear molecules
from polymerizatlion to lew cenversion, those of Set 2 are high
conversion samples and likely to have appreciable branching,
probably in excess of that apparent on XYHL-Ac and XYSGfAc (see
previous report). A detailed discussion shall be postéoned
till more data are availabdle,

With respect to wash primer formation, we have secn
that all chromate beccmes reduced to Cr3+-ions, and that the
resulting CrPOsa is completely complexed by the resin. Comparing
the quantities, the molar ratlos of Cr03:iH3PO4:PVB(-unit) 1is
appreximately 0.5:1:1C, tut in equivalents, ard counting the
hydroxyl groups of the resin only (including thcse due to the
hydrolysis by the phosphoric acid), the ratio becomes rather
1.5:3:4, Even so, approximately one half of the phosphoric
acid remains as acid (one proton disappears for each reduced
valency on the chromium) and all the CrPO4 can be tied to the

resin in a stoichlometric ratio depicted by structures likes
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In these structures, which can be vismalized intra- or inter-
molecularly, the CrP0O4 takes the place of the acetal aldehyde.
Where the resin is soluble, as in alcohol, it will solubilize
the CrPOs43 i.e. CrPOq can be considered adsorbed on resin
molecules, Where the resin is insoluble, as in water, the
Cr-OH-resin bonds will be sufficiently weaked by competition
with HpO to permit the formation of amorphous CrPOs, but not
enough to separate the resin entirely from this sediment on
which it ean now be considered adsorbed.

It fits into this picture that no crystalline struct-
ure could be found in the CrP0y-resin precipitates by X-rays,
but it has also to be pointed out that neither a brief X-ray
study of our own, nor a search through the literature,reveaied
any evidence of crrstallinity for CrP0, by itself. In view of
the well known tendency of chromium compounds to hydrate and
to polymerize, it may well be that CrPO4q-nHzQ, as so many vinyl
nolymers, forms so many lsomeric polymers as to preclude
crystallization. PVB may be expected to fit moleculaviy very
well into such a pattern and to become strongly adsorbed,or to
be present in sclid solutions.

Some further light is thrown on the Cr-PVB complex

structure by our observations with respect to pH-changes, effect
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of OH-group masking, chelation, solvent extraction, ané poly-
electrolyte nature. When the CrP04 reacts with the resin,
the Cr3+-ions, while not loosing their charges, become reduced

in their activity by the process of complexing. This is

tantamount to a greater solubility of CrPO, in that the Crl3*
ions are beilng held by the resin while the phosphate-ions
dissociate; the latter represent thereby the counter-ions of
the polysalt constituted by the resin Cr-complex phosphate,
The PO43'-ions thus returned to the sclution will
egnilibrate with the protons of the excess phosphoric acid; at
pH &8 the concentration of trivalent phosphoric acid ions is
very small, so that PO43' will act as a base. Schematically,

the reaction can be formulated ast

|- OH OH
+CrPo, + HY + HPO,~ - r o3t + mpo 2
4 8- 04 , 4
- OH - off + HyP0,~
so that the pH in the presence of a resin which complexes Cr3+
will be higher.

It will be seen that such a reaction scheme immediately
acccunts for the observed facts of pH~-shift, polyelectrolyte
behavior, necessity of OH- groups on the resin for Vybond-type
complexing, solubilization of CrP0y,as well as for the sometimes
asserted excess of PO, belonging to the complexed resinj; it
also renders unnecessary the assumption of Cr-ions of valency

higher than 3 being complexed.
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The gquestion may be raised, why the alcohol which is
present in such large molar excess, does not participate with
its OH-groups in the complexing, or compete with the resins,
while water does, as postulated below. The reasons for this
comparative inactivity of the alcohol are the same which cause
the differences in dielectric constant, or in viscosity, between
alcohol and water: the greater effective dipole moment of the
latter and greater tendency to hydrogen bonding.

The picture outlined to this point refers to the
solution state of CrP0; 2and resin in a recently prenared chrom-
ium wash primer. During the practical appiication, however,
the wash primer is applied to g surface and dried by alcohol
evaporation., During our precipitation experiments, water is
added and precipitates the resin and with it the chromium,
These two processes are seemingly very different and at a later
stage we plan to investigate the drying process. At the same
time we believe, as the further discussion will endeavour to

show, that actually the differences of what happens in these

In the drying process, the formation of an organo-gel
is soon interrupted by the rising concentration of water present
in appreclable quantities as shown on p. 12, which will co-
precipitate the resin + CrPQ4. The resin will precipitate
as an amorphous aggregate with OH-groups turned outwards as

the mixture becomes a non-solyent; at the same time the water
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molecules will compete with the OH-groups of the resins suffi-
ciently strongly as to disengage the bulk of the CrPCyq from

e resin leaving an intricate mixture cf mutually adsorbed
agegregates. Cn further loss of solvent and water other pro-
cesses will take nlace such as mor< and more cross-linking of
the resin, and dehydratlon of the CrPO,. Actually, the same
processes, except for those accompanying extensive dehydration,
will ocecur on aqueous precipitation,

Apart from the arguments used before, these inferences
are basad on our, as yet lncomplete, observations duvuring extract-
ion experiments. The complete removal by solvents of the
ancetylated resins proves the existence of n special function
of the OH-y;roups, in the form of some chemisorption (complexing)
to the CrP0O4 precipitate. Sclvents, which compete with CrPO,
for the resin, are only partly successful in extracting the PVB,
friling v extract molecules for which the Cr-ions act as cross-
linking agents. Good chelating agents, cn the other hand,
compete successfully with the resin for the Cr-lons by being
able to form sirvnger; and possibly covalent, bonds. 'Jeaker
chelating agents rather replace the pnosphate ions and assoclate
with the Cr-ions on the resin.

These considerations, incidentally, present a depart-
ure from an earlier speculation according to which two or more
types of reactive groups in the resin might be involved in

complexing Cr-ions, thinking of -COOH or the acetal groups (see
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previous report, p.24). Our present data argue rather against
anything but weak adsorption of acetal and acetate groups on
CrPOs, and we presume now that some cross=-linking has taken
place in the resin as a consequence of the adsorption to CrP0,.
It is not clear why the resin should have become less
solubgke after the Cr-ions have been extracted from the precipi-
tate. This may be indicative of tne existence of some covalent
bonds between Cr-ions and resin which after tne removal of these
ions Joln inter-molecularly. However, we believe this to be
unlikely and rather think that in the presence ol oxalic acid
esterification and etherification takes place analogous with
the aging and dehydration reactions going on in the resin on
drying (in the presence of free phesphoric acid). Similarly,
we do not believe that the lewer viscosity of the resin extracted
from the wash primer precipitate as compared with the original
viscosity cf the PVB used 1s due to adsorptive fractionation,
but rather that it is a result of the destruction of aldehyde
cross-links (present in the original PVB) during the mcderate

ersm el
waoll

acetal hydrolysis which takes place in the course of th

[of]

primer formation (see also the previous report, Table V),
Summing up, we believe to have shown that the picture

as oullined is capable of explaining all observed features,

and even some less explored ones like the effect of the wash

primer on other metals or even on such diversc non-metallic

surfaces as glass, other vinyl rssins if aged, or wcod. Many
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features had to be left rather vague for iack of knowledge, but

may become clarified as the work progresses.
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